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ABSTRACT 

In 1992, we focused on split-beam sonar  a s  we continued t o  i n v e s t i g a t e  t h e  
f e a s i  bi 1 i t y  of usi ng hydroacoust i c gear  t o  e s t ima te  coho salmon Oncorhynchus 
k isutch abundance i n  t h e  Kenai River.  Through t h e  second yea r  of  t h e  s tudy ,  we 
have found split-beam sonar  t o  have approximately twice t h e  p rec i s ion  of dual- 
beam sonar  f o r  both t racked f i s h  and s tandard t a r g e t  spheres .  Hydroacoustic d a t a  
were c o l l e c t e d  from 21 August t o  25 September. A f i s h  wheel was operated from 
21 August t o  17 September, when t h e  water leve l  became too  low t o  opera te .  I t  
appears  t h a t  i n t r i n s i c  noise  l e v e l s  a t  t h e  mile  19 s i t e  d id  not  allow t h e  vol tage  
th re sho ld  t o  be s e t  low enough t o  inc lude  modal t a r g e t  s t r e n g t h  values f o r  
sockeye 0. nerka and pink salmon 0. gorbuscha. No die1 p a t t e r n  was found t h a t  
might he1 p d i  s t i  ngui sh coho salmon from o t h e r  spec ies  passing concurren t ly .  Data 
from 1991'and 1992 i n d i c a t e  t h a t  sockeye salmon passing t h e  mi le  19 s i t e  a f t e r  
20 August a r e  s i g n i f i c a n t l y  smal le r  than those  passing during 25-30 J u l y  ( t  t e s t ,  
Pc 0.001, both y e a r s ) .  This  means t h a t  h i s t o r i c a l  coho and sockeye d i s t r i b u t i o n s  
compiled in  1991 show modes t h a t  a r e  u n r e a l i s t i c a l l y  c lo se .  A s i t e  t h a t  appears 
s u p e r i o r  t o  t h e  mile  19 s i t e  was loca t ed  a t  Big Eddy J e t t y  (approximately mile  
14) .  I t  i s  hoped t h a t  t h e  narrower and deeper  channel a t  t h i s  s i t e  would r e s u l t  
i n  a s u b s t a n t i a l l y  lower s igna l  t o  noise  r a t i o  (SNR). 

KEYWORDS: Salmon abundance, hydroacoustic sampl ing,  f i s h  wheel, spl  i t-beam 
sonar ,  migratory behavior ,  Kenai River 



INTRODUCTION 

Investigations in 1992 represent the  second year in a study ' t o  examine the  
f e a s i b i l i t y  of using sonar t o  provide seasonal estimates of coho salmon passage 
in the  Kenai River. In 1991, hydroacoustic sampling carr ied out using dual-beam 
sonar was deemed unrel iable  because of attenuation a t  420 kHz and wide-beam ro l l  
off  phenomena (Vaught e t  a1 . 1991). Additionally, the  sonar s i t e  used a t  r iver-  
mile 19 was judged marginally acceptable, because of i t s  r e l a t i ve ly  broad, 
shallow channel morphometry and because h i s to r ica l  hydrographic data (USGS, Water 
Resources Division, unpubl i  shed data)  showed substanti a1 water 1 eve1 drop a f t e r  
l a t e  August. 

Spl i  t-beam sonar (200 kHz) was used in 1992 t o  solve the  problems of at tenuation 
and wide-beam ro l l  o f f .  This project  was par t  of a comprehensive coho research 
and management e f f o r t  in Upper Cook In l e t  i n i t i a t ed  by the  Division of Sport 
Fisheries (Meyer e t  a1 . 1991). 

Specif ic  objectives fo r  the  1992 season were as follows: 

1. co l l ec t  acoustic s i z e  data fo r  f i s h  species present; 

2 .  separate coho salmon from other species present by modal analysis  of 
t a rge t  strength data;  

3 .  locate  a s i t e  more su i tab le  fo r  deploying sonar gear than the  present 
s i t e ,  i f  possible.  

Field invest igat ions  in 1992 again took place approximately a t  river-mile 19 
(Figure 1) .  While i t  was apparent from 1991 investigations t h a t  t h i s  s i t e  was 
only marginally acceptable, i t  was f e l t  t ha t  a more thorough search fo r  a be t te r  
s i t e  was in order before trying t o  re locate .  This s i t e  i s  a lso  used by the 
Commercial Fisheries Division t o  estimate sockeye salmon passage with Bendix 
side-looking sonar. Documented spawning of coho salmon (Booth 1990) placed t h i s  
s i t e  a t  the  extreme downstream l im i t  of f i sh  spawning in the Kenai River 
mainstem. 



METHODS 

Hydroacoustic Samp7ing 

Sonar da ta  were c o l l e c t e d  from 21 August through 25 September on the  r i g h t  bank 
( f a c i n g  downstream). A Hydroacoustic Technology, Inc .  (HTI) sp l i t -beam 200 kHz 
transducer was deployed by means o f  an aluminum t r i g o d  on the  r i g h t  bank o f  the  
r i v e r .  The t ransducer 's  nominal beam width, 2.5 X 10.0' ( e l l i p t i c a l ) ,  was 
pos i t i oned  i n  t h e  r i v e r  channel such t h a t  t he  l ong  a x i s  was h o r i z o n t a l .  Remote 
aiming equipment (Remote Ocean Systems, Inc. )  a1 lowed the  t ransducer  t o  be aimed 
through pan and t i l t  planes f o r  op t im iz ing  beam aim. The sonar system's 
ins t rumenta t ion  cons is ted  o f  an H T I  model 240 Spl it-Beam D i g i t a l  Echosounder 
(DES), used i n  con junc t ion  w i t h  an HTI model 340 D i g i t a l  Echo Processor (DEP). 
The DEP cons is ted  o f  a custom processor card mounted i n  an 80486 microcomputer. 
Support e l e c t r o n i c s  inc luded an HTI model 402 d i g i t a l  c h a r t  recorder  i n t e r f a c e  
(DCR) connected t o  a Panasonic model KX-1624 dot-matr ix  p r i n t e r ,  a V i c t o r  XD-2700 
D i g i t a l  Audio Tape Deck, and a N i c o l e t  310 d i g i t a l  storage osc i l loscope.  An 
e x i s t i n g  b u i l d i n g  used by t h e  Sockeye Salmon Bendix Sonar P r o j e c t  (Commercial 
F i she r ies  Div. )  was employed t o  house e l e c t r o n i c  equipment. The sonar system and 
support e l e c t r o n i c s  were powered by a Yamaha EF3800 e l e c t r i c - s t a r t  generator 
housed i n  a small shed t o  p rov ide  she1 t e r  from weather and minimize noise. A 
Grumman 5.5-m (18 - f t )  f la t -bot tomed r i v e r  boat w i t h  a 25 h.p. Yamaha outboard 
engine was used t o  f e r r y  crew members and equipment from the  r i v e r  access on the  
l e f t  bank t o  the  sonar s i t e  on the  r i g h t  bank. 

Hydroacoustic da ta  were processed i n  rea l - t ime  by the  DEP and recorded t o  
computer f i l e .  For each per iod  sampled, da ta  were w r i t t e n  t o  *.raw, *.ech, and 
* . fsh extension f i l e s .  Raw (*.raw) f i l e s  contained a l l  echoes meeting basic  
processing c r i t e r i a  such as vo l tage th resho ld  and pu lse  w id th  s e t  i n  DEP 
software. Echo (*.ech) f i l e s  contained a l l  echoes found i n  the  *.raw f i l e s  t h a t  
met t r a c k i n g  sof tware c r i t e r i a  such t h a t  i n d i v i d u a l  echoes cou ld  be combined i n t o  
t racked f i s h .  F i sh  (*. fsh) f i l e s  contained summarized data  (e.g. mean t a r g e t  
s t rength)  f o r  groups o f  echoes combined i n t o  t racked f i s h  i n  *.ech f i l e s .  Echoes 
were s imul taneously recorded i n  unprocessed hard copy form by t h e  DCR f o r  f u t u r e  
co r robo ra t i on  w i t h  d i g i t a l  da ta  on computer f i l e .  Acoust ic sampl i n g  took  p l  ace 
on a cont inuous 24-h bas is .  Samples were c o l l e c t e d  i n  1-h increments f o r  ease 
o f  da ta  processing and t o  minimize data l o s s  i n  the  event o f  f i l e  co r rup t i on .  
Voltage th resho ld  was se t  j u s t  above the  maximum no ise  l e v e l  t o  avoid f i l l i n g  up 
computer s torage space w i t h  erroneous echoes. During the  pe r iod  0000-0800 hours, 
t he  sonar system ran  unattended. Data from t h i s  pe r iod  were c o l l e c t e d  as a 
s i n g l e  8-h sample. D i g i t a l  audio tapes 2 h l ong  were recorded tw ice  d a i l y ,  
except when suppl i e s  were too  low, as a means o f  backup i n  the  event o f  r e a l  - t ime 
processing e r r o r s  w i t h  the  DEP. 

use of company names does not constitute endorsement. 



Several methods o f  deploy ing standard t a r g e t  spheres ( tungsten carb ide)  as a 
means o f  in-season c a l i b r a t i o n  were tes ted .  These included: (1) manually 
suspending the  sphere from a 2.5-m (8 .2- f t )  po le  ou t  o f  a boat anchored i n  t he  
cur ren t ;  (2)  suspending t h e  sphere from a small f l o a t ,  which was i n  t u r n  anchored 
t o  a weight upstream; and (3) suspending t h e  sphere from a po le  extended from the  
crosspiece o f  a t r i p o d  s e t  up i n  t he  cu r ren t .  The tungsten carb ide t a r g e t  used 
had a p rev ious l y  observed acoust ic  s i z e  o f  -42.3 t o  -42.4 dB, depending on water 
temperature and o ther  phys ica l  parameters (Foote and MacLennan 1983) and was hung 
by means o f  an equa to r i a l  n e t  bag made from 9.1 kg (20 1 b) t e s t  monofilament 
1 ine .  

Test-F ish ing Program 

F ish  Wheel 

A f i s h  wheel l oca ted  about 75 m (246 f t )  downstream from t h e  transducer was i n  
opera t ion  on the  r i g h t  bank from 21 August through 17 September. The f i s h  wheel 
operated c o n t i n u a l l y ,  except when f i s h  were being sampled from the  l i ve -box  o r  
r o u t i n e  maintenance was being performed. Because o f  a d i e l  movement p a t t e r n  
suggested from t h e  1991 f i s h  wheel catch data, t h e  catch i n  1992 was recorded a t  
approximately 6-h i n t e r v a l  s  (2300, 0600, 1200, 1800). Th is  sampl i n g  scheme 
provided g rea te r  r e s o l u t i o n  i n  i d e n t i f y i n g  a d i e l  p a t t e r n  t h a t  might  a i d  i n  
separat ing f i s h  passage by species. A t  t he  end o f  each 6-h per iod,  l eng th  and 
species o f  a1 1 f i s h  i n  the  f i sh wheel ' s  1 i ve box were recorded. Scal es were a1 so 
removed from coho salmon f o r  age ana lys is  as a supplement t o  coho age-length da ta  
obta ined from c ree l  survey (Schwager-King I n  Press).  F ish  l eng th  was measured 
from mid-eye t o  t a i l  f o r k .  Scales were c o l l e c t e d  from the  p re fe r red  area 
(Scarnecchia 1979). 

To accommodate fa1 1 i ng water 1 eve1 s 1 a te  i n  the  season, angl e - i  r o n  extensions 
were f i t t e d  t o  the  f i s h  wheel's ax le  supports. The extension al lowed the  f i s h  
wheel t o  operate i n  approximately 45 cm (1.5 f t )  l e s s  water, thereby extending 
i t s  opera t ing  season. 

D r i f t  G i l l n e t s  

Species composit ion w i t h  range was q u a l i t a t i v e l y  est imated w i t h  d r i f t  g i l l n e t s  
f i s h e d  i n  t he  reach o f  t he  r i v e r  sampled by hydroacoust ic gear. Nets used were 
approximately 18.3 m (60 f t )  i n  length,  and 13.5 cm (5.4 i n )  mesh s ize .  I n  an 
e f f o r t  t o  determine the  ex ten t  o f  bank-or ien ta t ion  i n  p i n k  salmon migra t ion ,  ne ts  
were f i s h e d  i n  a c o r r i d o r  o f  t he  r i v e r  ranging from immediately adjacent t o  the  
bank t o  two n e t  lengths  o f fshore .  A 6.1-m (20 - f t )  open aluminum boat w i t h  a 70 
h.p. Johnson outboard engine was used t o  a t tend the  d r i f t  g i l l n e t s .  At  the  end 
o f  each d r i f t ,  t he  n e t  was p u l l e d  completely i n .  F ish  caught were d isentangled 
and immediately re tu rned t o  the  r i v e r .  Length o f  f i s h  captured was n o t  recorded 
because o f  t h e  sporadic na ture  o f  t h i s  sampling program, t h e  s i n g l e  mesh-size 
f ished, and t o  minimize f i s h  m o r t a l i t y .  



Data Analysis 

Because accurate c a l  i b r a t  i o n  data f o r  t he  combination o f  transducer and DES used 
were n o t  avai 1 able in-season, hydroacoust i  c data i n  *.raw f i  1 es were reprocessed 
postseasonal l y  us ing  an HTI s igna l  -processing package (DSBP) . This s tep 
cor rec ted  t a r g e t  s t reng th  est imates i n  t he  r e s u l t i n g  *.ech and * . fsh f i l e s  output  
by DSBP. Once reprocessing was complete, *.ech f i l e s  were compared t o  
corresponding hard copy f i s h  t races  ou tput  by t h e  DCR. Targets t racked by DSBP 
t h a t  appeared from cha r t  t races  t o  be debr is ,  boat wake, o r  bottom were marked 
on *.ech f i l e s  t o  be deleted.  F i sh  appearing as s i n g l e  t a r g e t s  on cha r t  
record ings,  b u t  were broken i n t o  several smal ler  e l e c t r o n i c  " f i s h "  by the  
t r a c k i n g  software, were a l so  noted i n  *.ech f i l e s .  Software developed by Sonar 
& Technical Services (FISHED 0.0) was used t o  modify *.fsh f i l e s .  F ish  
i d e n t i f i e d  i n  *.ech f i l e s  as i n v a l i d  o r  needing t o  be j o i n e d  together  w i t h  o ther  
f i s h  were entered i n t o  i n p u t  f i l e s  t o  be used by FISHED. I n v a l i d  f i s h  numbers 
were de le ted  from * . fsh f i l e s  by FISHED. Target s t reng th  o f  f i s h  numbers t o  be 
combined together  were output  as weighted means (weighted by number o f  echoes per  
f i s h ) .  Other parameters, such as swimming speed and d is tance t r a v e l e d  i n  X, Y 
& Z axes, were a l so  mod i f ied  by FISHED t o  r e f l e c t  da ta  from a l l  f i s h  combined 
i n t o  s i n g l e  f i s h .  

Al ternate  S i t e  Select ion 

To i d e n t i f y  a1 t e r n a t i v e  s i t e s  s u i t a b l e  f o r  hydroacoust ic sampl ing ,  a Lowrance 
X-16 graphing fathometer was used t o  ob ta in  bottom p r o f i l e  data i n  an e f f o r t  t o  
i d e n t i f y  a1 t e r n a t e  s i t e s  s u i t a b l e  f o r  hydroacoust ic sampl ing.  Transects 
performed i n  1991 covered t h e  area between r i v e r - m i l e  12 and 19. Transects i n  
1992 were c a r r i e d  out  i n  a more i n tens i ve  search between r i v e r  m i l e  11.5 and 25. 
S i t e  i n v e s t i g a t i o n s  took  p lace on 19 June, 29 June and 13 September. 

RESULTS 

Hydroacoustic Sampling 

F a l l i n g  water l e v e l  neccesi tated moving the  transducer successively  f a r t h e r  from 
the  bank. It i s  no t  be1 ieved t h a t  moving the  transducer o f f sho re  t o  accommodate 
fa1 1 i n g  water l e v e l s  a l l  owed s i g n i f i c a n t  salmon passage i n  the  shal low water 
behind the  transducer. However, i n  an opera t iona l  p r o j e c t  dedicated t o  
es t ima t ing  coho passage, a we i r  would have t o  be extended a f t e r  each move t o  
ensure t h a t  s i g n i f i c a n t  passage d i d  n o t  occur behind t h e  transducer. 



Approximate mean acous t i c  no ise  1 eve1 s through t h e  season ranged from 
approximately -42.5 t o  -45.5 dB. Maximum noise  l eve l  was f a i r l y  cons tan t  a t  
about -37 dB. Voltage threshold  in  t h e  e a r l y  p a r t  of t h e  season was s e t  a t  100 
mV t o  c l e a r  t h e  maximum noise  l e v e l .  Af t e r  10 September, t r ansmi t  power was 
increased  by 15.9 dBv. Voltage th re sho ld  a f t e r  t h i s  d a t e  was s e t  a t  500 mV.  

The mean (and s .d . )  ' f i s h '  t a r g e t  s t r e n g t h  (mean of  a l l  echo group means, each 
echo group denoting a f i s h )  f o r  t h e  period 21-25 August was -29.9 (1.74) dB 
(Figure 2 ) .  Note t h a t  t h e  d i s t r i b u t i o n  shown in  Figure 2 appears  unimodal. Of 
a t o t a l  of 3,216 apparent  f i s h  t a r g e t s  from t h i s  per iod ,  26.9% were determined 
t o  be downstream o r i en t ed .  Mean (and s .d . )  of t a r g e t  s t r e n g t h s  f o r  t h e  period 
23-25 September was -30.6 (2.5) dB. Of a t o t a l  o f  2,390 t a r g e t s  reviewed f o r  t h e  
September per iod ,  80.9% were downstream o r i en t ed .  

Hanging t h e  tungsten ca rb ide  sphere from a pole  a t tached  t o  a t r i p o d  c ros sp iece  
was t h e  most successfu l  method of s tandard  t a r g e t  deployment. This  method 
suspended t h e  sphere in  t h e  water column with t h e  bes t  s t a b i l  i t y  i n  t h e  cu r r en t .  
Suspending t h e  t a r g e t  from a f l o a t  caused i n s t a b i l i t y  a s  t h e  f l o a t  bobbed and 
swung in  t h e  c u r r e n t .  Because t h e  sphere was deployed in  shal low water 
(approximately 0.6 m y  2 f t )  t h e  method of suspending t h e  sphere from a f l o a t  was 
a l s o  found t o  in t roduce  noise  from t h e  turbulence  of t h e  c u r r e n t  around t h e  
f l o a t .  S t a b i l  i t y  was d i f f i c u l t  t o  a t t a i n  when manually suspending t h e  sphere 
from a boat anchored in  t h e  c u r r e n t .  Noise introduced from t h e  b o a t ' s  wake was 
a l s o  a problem. 

The mean t a r g e t  s t r e n g t h  of 392 echoes from t h e  sphere ( a s  deployed by t h e  t r i p o d  
method) was -41.76 ( s . d . =  1.67) dB (Figure 4 ) .  This  represented  a dev ia t ion  from 
observa t ions  of Foote and MacClennan (1983) of approximately 0.6 dB. 

Test-Fishing program 

Fish Wheel 

No die1 o r  d iu rna l  p a t t e r n  of coho migrat ion was apparent  from t h e  d a i l y  f i s h  
wheel ca tch  (F igure  5 ) .  In both n ight  (1800-0600) and day (0600-1800) per iods ,  
coho always made up l e s s  than 20% of  t h e  ca tch  u n t i l  5 September, when t h e  
proport ion of coho in  t h e  catch began t o  i nc rease  only gradual ly .  Extending t h e  
f i s h  wheel ' s  ax1 e adjustment bracke ts  t o  a1 1 ow opera t ion  in  s h a l l  ower water met 
with only 1 imited success .  Ice g l az ing  was a problem a f t e r  9 September. The 
e x t r a  weight of t h e  i c e  on t h e  f i s h  wheel ' s  baske ts  counteracted t h e  r i v e r ' s  
fo rce  a g a i n s t  t h e  paddles,  keeping t h e  wheel from tu rn ing  f a s t  enough t o  
e f f e c t i v e l y  cap tu re  f i s h .  

D r i f t  Gi 11 n e t s  

Sampling with g i l l n e t s  showed pink salmon t o  be migrat ing i n  t h e  o f f sho re  zone 
a l s o  u t i l  ized by coho salmon. During t h e  peak of  t h e  pink salmon run,  g i l l n e t s  



were used i n  an e f f o r t  t o  remove spawning salmon from the  transducer beam area. 
This  technique was n o t  e f f e c t i v e .  Pink salmon on redds proved d i f f i c u l t  t o  catch 
c o n s i s t e n t l y  i n  nets.  Also, t he  magnitude o f  t h e  p i n k  run  ensured t h a t  newly 
vacant redds were reoccupied qu i ck l y .  

Length D i s t r i b u t i o n  

Ear ly- run coho salmon ( 1  August - 1 September) pooled from the  f ishwheel and 
c ree l  census had a mean leng th  o f  599 mm (23.6 i n )  (s.d.= 62 mm, 2.4 i n )  . This 
was approximately 75 mm (3.0 i n )  g rea te r  than sockeye salmon mean l e n g t h  measured 
from t h e  f ishwheel catch (K = 526 mm, 20.7 i n ,  s.d. = 56 mm, 2.2 i n ) .  P ink 
salmon mean l e n g t h  was about 105 mm (4.1 i n ) l e s s  than e a r l y  run  coho mean leng th  
(F igure  6).  P ink salmon showed the  l e a s t  v a r i a b i l i t y  i n  l e n g t h  (s.d. = 29 mm, 
1.1 i n ) ,  w h i l e  coho were most va r i ab le .  Coho mean leng th  from the  f i s h  wheel was 
s i g n i f i c a n t l y  small e r  than coho mean 1 ength from c ree l  census, f o r  both e a r l y  and 
l a t e  runs (Student 's  t = 5.72 [ea r l y ] ,  Pc 0.001, d f  = 307; t = 8.25 [ l a t e ] ,  P< 
0.001, d f  = 106). 

Alternate Site Location 

Fathometer t ransec ts  between m i l e  12 and m i l e  25 o f  t he  Kenai R iver  revealed two 
s i t e s  w i t h  bottom contours s u i t a b l e  f o r  sonar sampling (F igure 1) .  The s i t e  t h a t  
appears bes t  i s loca ted  a t  m i l e  14 (Big Eddy J e t t y ) .  The bottom p r o f i l e  appears 
t o  have a very smooth, uni form grad ien t .  The r i v e r  here i s  r e l a t i v e l y  narrow 
(about 85-100 m), and deep (max depth 2.4-3.0 m y  8-10 f t ) .  I n  comparison, t he  
r i v e r  i s  approximately 130 m (427 f t )  wide a t  t he  m i l e  19 s i t e .  Transects 
performed a t  both s i t e s  on 13 September show the  B ig  Eddy s i t e  t o  be 
approximately 0.3-0.6 m (1-2 f t )  deeper than the  m i l e  19 s i t e  a t  t h e  r i v e r ' s  
thalweg. Negot ia t ions  w i t h  a p r i v a t e  owner o f  l and  on the  l e f t  s i de  o f  t he  r i v e r  
( f a c i n g  downstream) have been encouraging. A l o t  owned by the  A1 aska Department 
o f  Transpor ta t ion  on the  r i g h t  s ide  o f  the  r i v e r  may a l so  be a v a i l a b l e  f o r  ADF&G 
use. 

Spawning p i n k  salmon a t  t he  mile-19 s i t e  caused a s i g n i f i c a n t  problem w i t h  the  
t r a c k i n g  sof tware used. Pink salmon cons tan t l y  i n  t he  sonar beam caused o ther  
f i s h  t a r g e t s  t o  be broken i n t o  m u l t i p l e  ta rge ts .  I n  processing, t h i s  requ i red  
s o r t i n g  and co r rec t1  y reconnect ing mu1 t i  p l  e t a r g e t s  by cor robora t ing  echo 
groupings w r i t t e n  t o  f i l e  w i t h  cha r t  t races .  This  was necessary t o  prevent 
echoes from more than one actual  f i s h  being combined i n  mean t a r g e t  s t rength  
c a l c u l a t i o n s  f o r  each f i s h  w r i t t e n  t o  * . fsh f i l e s .  This  increased data 
processing complexi ty  and t ime expenditure considerably.  



DISCUSSION 

Hydroacoustic Samp7es 

The c lose  agreement o f  t a r g e t  s t rength  da ta  from the  standard t a r g e t  sphere w i t h  
observat ions o f  Foote and MacClennan (1983) i n d i c a t e  t h a t  t he  sonar system was 
c o r r e c t l y  c a l  i brated.  The p r e c i s i o n  o f  t h e  sp l  i t-beam est imate i s  approximately 
tw i ce  t h a t  obta ined w i t h  dual-beam sonar (s.d. = 3.21, N = 543) us ing  the  same 
t a r g e t  sphere on 3  June, 1992. S i m i l a r l y ,  w i t h i n - f i s h  v a r i a b i l i t y  from t h i s  
study (i s.d.= 2.53, N= 321) i s  approximately h a l f  t h a t  f o r  chinook salmon 
t racked w i t h  dual-beam sonar on the  Kenai Chinook Sonar P r o j e c t  i n  1992 (k s.d.= 
5.31, N= 332). Traynor and Ehrenberg (1990) a1 so found an approximate two- fo ld  
increase i n  p r e c i s i o n  f o r  t a r g e t  s t reng th  est imates o f  standard t a r g e t  spheres 
and f i s h  us ing  sp l  i t-beam over dual-beam a t  a  SNR o f  about 25. Ehrenberg (1983) 
est imated i n  monte car1 o  simul a t i ons  t h a t  sp l  i t-beam sonar should de l  i v e r  
approximately t w i c e  t h e  p r e c i s i o n  o f  dual-beam sonar a t  a  s igna l - t o -no i se - ra t i o  
(SNR) o f  15. 

It appears t h a t  t he  e a r l y  season t a r g e t  s t rength  d i s t r i b u t i o n  i s  unimodal because 
the  vo l tage th resho ld  was no t  se t  low enough t o  inc lude modes from p i n k  and 
sockeye salmon. Th is  was due t o  the  i n t r i n s i c  no ise  l e v e l  a t  t h e  s i t e ,  which 
precluded s e t t i n g  the  vo l tage th resho ld  lower. A  p re l im ina ry  t a r g e t  s t rength-  
1  ength re1  a t i  onshi p  developed by Sonar and Technical Services (unpubl i shed data) 
f o r  chinook salmon i n  the  Kenai River  p r e d i c t s  modal values f o r  p i n k  and sockeye 
salmon o f  -39.0 and -37.6 dB, respec t i ve l y .  The smal lest  t a r g e t  t h a t  cou ld  be 
detected w i t h  the  vo l tage th resho ld  and system s e t t i n g s  used i n  1992 was -37.1 
dB. Tracking parameters al lowed echoes detected up t o  6 dB from t h e  acoust ic  
a x i s  t o  be accepted. A -37.1 dB f i s h  would generate a  s igna l  as l a r g e  as the  
vo l tage th resho ld  on l y  on the  acoust ic  ax is .  A t  6dB from the  acoust ic  ax is ,  a  
f i s h  o f  -31.1 dB i n  acoust ic  s i z e  would be requ i red  t o  generate a  s igna l  h igher  
than t h e  vo l tage threshold.  Thus, t h i s  i s  t he  smal lest  acoust ic  f i s h  s i z e  t h a t  
was sampled i n  an unbiased fashion throughout the  6  dB acceptab i l  t y  range o f  the  
sonar beam. 

Transmit power on the  echosounder was increased by 15.9 dBv on September 10. The 
vo l tage th resho ld  a t  t h i s  s e t t i n g  was 500 mV (-38.3 dB). At  these se t t i ngs ,  the  
smal les t  f i s h  t h a t  could be sampled through the  e n t i r e  acceptance zone o f  6  dB 
would have an acoust ic  s i z e  o f  -32.3 dB. 

I n  order  t o  a c o u s t i c a l l y  de tec t  separate modes o f  p ink,  sockeye and coho salmon, 
we would need t o  be able t o  sample f i s h  w i t h  t a r g e t  s t rengths  down t o  a t  l e a s t  - 
40 dB i n  an unbiased fashion.  There i s  c u r r e n t l y  no SNR w ide l y  agreed upon i n  
the  l i t e r a t u r e  as necessary t o  est imate t a r g e t  s t reng th  r e l a i a b l y .  Weimer and 
Ehrenberg (1975) r e p o r t  a  t a r g e t  s t reng th  b ias  o f  about 25% a t  SNR o f  -30 dB. 
However, t h i s  study est imated t a r g e t  s t reng th  b i a s  o f  a  s i n g l e  t a r g e t  by 
s imu la t i on  techniques. Carlson and Jackson (1980) mention a  SNR o f  20 as 



" l a rge . "  Minimum SNR ( low t i d e )  on the  Kenai Chinook Sonar P r o j e c t  i s  10. It 
i s  f e l t  t h a t  t h e  l a r g e  sample s i z e  o f  detected f i s h  on t h i s  p r o j e c t  compensates 
f o r  r e l a t i v e l y  low SNR. We f e e l  a  SNR o f  a t  l e a s t  10 and very l a r g e  sample s izes  
are requ i red  f o r  r e l i a b l e  t a r g e t  s t reng th  data. Th is  would r e q u i r e  a s i t e  w i t h  
a  mean background no ise  l e v e l  no g rea te r  than -56 dB, i n  o rder  t o  sample -40 dB 
f i s h  i n  an unbiased fashion.  

The upstream-downstream o r i e n t a t i o n  o f  t a r g e t s  discussed here has been v e r i f i e d  
as c o r r e c t .  On 22 September the  transducer was po in ted  s i g n i f i c a n t l y  downstream. 
Th is  causes t a r g e t s  t h a t  are downstream o r ien ted  t o  show a  c h a r a c t e r i s t i c  angled 
t r a j e c t o r y  going toward the  transducer as the  t a r g e t  goes through the  beam. 
Targets showing t h i s  o r i e n t a t i o n  were a l so  i d e n t i f i e d  as downstream o r ien ted  by 
t h e  t r a c k i n g  software. However, i t  i s  f e l t  t h a t  a s i g n i f i c a n t  p ropo r t i on  o f  
these t a r g e t s  may be debr is .  This  i s  p a r t i c u l a r l y  t r u e  o f  t he  23-25 September 
per iod.  Dur ing t h i s  pe r iod  i n  1991, i t  appeared t h a t  a  subs tan t i a l  amount o f  
smal l  deb r i s  was ent ra ined i n  t h e  cu r ren t  (Vaught e t  a l .  1991). Some d iagnos t i c  
i nd i ces  need t o  be developed t h a t  would help separate no ise  from downstream 
o r ien ted  f i s h  ta rge ts .  This  i s  most ly  necessary when t a r g e t  t races  are smal l .  
Longer t a r g e t  t races  can be i d e n t i f i e d  as being f i s h  o r  deb r i s  by t r a j e c t o r y  and 
range-change c r i t e r i a .  

Test -F i  shing Program 

It appears t h a t  t h e  f i s h  wheel i s  s e l e c t i v e  toward smal ler  coho salmon. Figures 
7  and 8 show t h a t  t he  f i s h  wheel d i d  n o t  capture coho from the  r igh t -most  l eng th  
ca tegor ies .  While i t  i s  poss ib le  t h a t  t he  catch from anglers i s  a l so  s e l e c t i v e  
toward l a r g e r  f i s h ,  a  d e f i n i t e  b ias  toward smal ler  f i s h  i n  the  f i s h  wheel i s  
demonstrated by t h e  f a c t  t h a t  both f i g u r e s  show several l eng th  ca tegor ies  a t  t he  
h igh  end o f  t h e  d i s t r i b u t i o n  i n  which on l y  the  spo r t  f i s h e r y  captured f i s h .  

The mean l e n g t h  o f  sockeye salmon (526 mm; F igure 9) f o r  t he  pe r iod  20 August - 
17 September was s i g n i f i c a n t l y  smal le r  than f o r  t he  pe r iod  25-30 J u l y  (544 mm; 
Student 's  t = 9.57, p  < 0.001, d f  = 494). F i sh  l eng ths  f o r  J u l y  were repo r ted  
by the  Sockeye Salmon Bendix Sonar Pro jec t ,  from the  same f i s h  wheel and 
l o c a t i o n .  L i  kewi se, t he  mean f o r  sockeye f o r  the  pe r iod  22 August - 1 September 
i n  1991 was s i g n i f i c a n t l y  smal ler  than t h a t  repo r ted  by the  Sockeye Salmon Bendix 
Sonar P r o j e c t  f o r  25 J u l y  - 5 August, 1991 (Student 's  t = 6.9, P< 0.001, d f  = 
369). The d i f f e rences  between J u l y  and August-September sockeye salmon means are 
very s i m i l a r  f o r  1991 and 1992 (17.9 and 20.6 mm, respec t i ve l y ) .  I f  t h i s  t ime- 
dependent s i z e  d i f f e r e n c e  f o r  sockeye salmon leng th  i n  t he  Kenai R iver  holds t r u e  
i n  general,  then l eng th  d i s t r i b u t i o n s  o f  sockeye and coho salmon f o r  1988-1990 
would have l e s s  over lap than repor ted  p rev ious l y  (Vaught e t  a l .  1991). This  
would increase t h e  p r o b a b i l i t y  f o r  success fu l l y  separat ing coho and sockeye 
t a r g e t  s t reng th  d i s t r i b u t i o n s  by modal ana lys is .  



A7ternate Site Selection 

The mile-19 s i t e  i s  t oo  broad and shal low t o  be considered an i d e a l  s i t e .  As 
water l e v e l s  begin t o  drop i n  l a t e  August, t h e  sonar beam i s  i nc reas ing l y  
squeezed between the  sur face and bottom. USGS discharge data  (unpublished) f o r  
1980-1992 shows t h a t  t he  r i v e r  water l e v e l  drops about 0.3 m (1 f t )  between 20 
August and 30 September i n  an average year  (F igure 10). I n  1992, t he  water l e v e l  
dropped about 1 m (3.25 f t )  i n  t h i s  per iod.  

The c h a r a c t e r i s t i c s  o f  t h e  B i g  Eddy s i t e  should r e s u l t  i n  decreased hydroacoust ic 
noise. Ca lcu la t i ons  o f  beam widths necessary f o r  t he  B ig  Eddy and mile-19 s i t e s  
were approximately 2.8' and 1.4', r espec t i ve l y .  Beam widths were ca l cu la ted  
based on t ransec ts  performed a t  both s i t e s  on 13 September. I n  general , t h e  more 
room between the  sur face and bottom f o r  t he  sonar beam t o  f i t  i n ,  t he  l e s s  noise 
w i l l  be experienced. The main concern regarding the  qua1 i t y  o f  t he  B ig  Eddy s i t e  
f o r  hydroacoust ics i s  boat t r a f f i c  i n  the  area. This  cou ld  be a l l e v i a t e d  
somewhat by funnel i n g  boat t r a f f i c  i n t o  the  middle o f  t he  r i v e r .  Signs and r a d i o  
announcements request ing  boats t o  s tay  between a  p a i r  o f  buoys i n  t he  middle o f  
t he  channel cou ld  accompl i sh t h i s .  Another poss ib le  concern i s t h a t  en t ra ined 
a i r  bubbles from 01 sen's Rock approximately 100 m upstream cou ld  in t roduce noise 
t o  the  hydroacoust ic  environment. It i s  be l ieved t h a t  t he  r e l a t i v e l y  f a s t  
cu r ren t  a t  t he  B ig  Eddy s i t e  would preclude any spawning behavior,  another 
advantage over t h e  m i l e  19 s i t e .  

It i s  probable t h a t  p i n k  and r e d  salmon would be more bank o r i en ted  a t  t he  B ig  
Eddy s i t e  than a t  t he  mile-19 s i t e ,  because o f  h igher  cu r ren t  v e l o c i t y  i n  t he  
c o n s t r i c t e d  bend o f  t he  r i v e r  a t  B ig  Eddy. King and Tarbox (1989a) no t i ced  t h a t  
sockeye salmon s h i f t e d  onshore as water l e v e l  and cu r ren t  v e l o c i t y  rose a t  the  
mile-19 s i t e .  Except f o r  t he  pe r iod  a t  t he  beginning o f  t he  sockeye run, over 
90% o f  f i s h  a t  m i l e  19 pass w i t h i n  7.5 m o f  o f  t he  transducer between 1 J u l y  and 
7  August (King and Tarbox 1991, 1989a, 1989b). The h igher  cu r ren t  v e l o c i t y  a t  
B ig  Eddy should keep sockeye and p i n k  salmon c lose  t o  the  banks. Whether coho 
salmon predominant ly t r a v e l  f a r t h e r  o f f sho re  than sockeye and p i n k  salmon a t  the  
s i t e  remains t o  be seen. 



LITERATURE CITED 

Booth, J.A. 1990. Run t i m i n g  and spawning d i s t r i b u t i o n  o f  coho salmon 
(Oncorhynchus k i s u t c h )  i n  t he  Kenai River ,  Alaska and t h e i r  r e l a t i o n  t o  
harvest  s t ra teg ies .  M.S. Thesis, Montana Sta te  Un ive rs i t y ,  Bozeman. 103 
PP . 

Carl  son, T. J., and Jackson, D.R. 1980. Empir ica l  eva lua t i on  o f  t he  feas i  b i l  i t y  
o f  s p l i t  beam methods f o r  d i r e c t  i n  s i t u  t a r g e t  s t reng th  measurement o f  
s ing1 e f i sh. Appl i ed Physics Laboratory, U n i v e r s i t y  o f  Washington (APL-UW 
8006). Seat t le ,  WA. 

Ehrenberg, J .  E.  1983. A rev iew of i n - s i t u  t a r g e t  s t reng th  es t ima t ion  
techniques. FA0 Fish.  Rep. 300:85-90. 

Foote, K.G., and MacLennan, D.N. 1983. Comparison o f  copper and tungsten carb ide 
c a l i b r a t i o n  spheres. J. Acoust. Soc. Am. 75(2):612-616. 

King, B.E., and Tarbox, K.E. 1991. Upper Cook I n l e t  salmon escapement s tudies,  
1988. Technical F ishery Report No. 91-20. Alaska Department o f  F ish  & 
Game, D i v i s i o n  o f  Commercial F isher ies ,  Juneau, Ak. 

King, B.E., and Tarbox, K.E. 1989a. Upper Cook I n l e t  salmon escapement s tudies,  
1987. Technical F ishery Report No. 89-11. Alaska Department o f  F ish  & 
Game, D i v i s i o n  o f  Commercial F isher ies,  Juneau, Ak. 

King, B.E., and Tarbox, K.E. 1989b. Upper Cook I n l e t  salmon escapement s tudies,  
1988. Technical F ishery Report No. 89-19. Alaska Department o f  F ish  & 
Game, D i v i s i o n  o f  Commercial F isher ies ,  Juneau, Ak. 

Meyer, S., Vincent-Lang, D. and McBride, D. 1991. Goal statement and study p lan  
f o r  development o f  a s tock assessment program f o r  Upper Cook I n l e t  coho 
salmon stocks. Alaska Department o f  F ish and Game, Sport F ish  D iv i s ion ,  
Anchorage. 

Scarnecchia, D.L. 1979. V a r i a t i o n  o f  scale c h a r a c t e r i s t i c s  o f  coho sapmon w i t h  
l o c a t i o n  on body. Prog. F ish  Cu l t .  4(3):132-135. 

Schwager-King, M. I n  Press. Angler e f f o r t  and harvest  o f  coho salmon du r ing  the  
r e c r e a t i o n a l  f i s h e r i e s  i n  t he  1 ower Kenai River,  1992. A1 aska Department 
o f  F i sh  and Game, D i v i s i o n  o f  Sport Fish, F ishery Data Ser ies Report. 
Anchorage, AK. 

Traynor, J., and Eherenberg, J .  1990. F ish and standard sphere t a r g e t  
measurements obtained w i t h  a s p l i t  beam system. In Karp, W.A. (Ed.) 
Developments i n  f i s h e r i e s  acoust ics.  Rapp. P.-v. Reun. Cons. i n t .  Explor.  
Mer. 189:410-414. 



Vaught, K.D., Skvorc, P.A., and Burwen, D.L. 1991. Use of dual-beam 
hydroacoust ic  gear t o  p rov ide  i n - r i v e r  est imates o f  coho salmon abundance: 
1991 f e a s i b i l i t y  study. Alaska Department o f  F ish  & Game Regional 
In fo rmat ion  Report No. 5592-01. Alaska Department o f  F i sh  & Game, 
Commercial F i she r ies  D i v i s i o n .  Juneau, AK. 

Weimer, R.T., and Ehrenberg, J. E. 1975. Analys is  o f  threshold- induced b ias  
inherent  i n  acoust ic  s c a t t e r i n g  c ross-sec t i  on est imates o f  i n d i v i d u a l  
f i s h .  J. Fish.  Res. Bd. Can. 32:2547-2551. 



Potential sonar sites 

1992, 1993 
sonar site 

Figure 1. Kenai River  study area, showing mi le  19 s i t e  and possible s i t e s  
i d e n t i f i e d  i n  FY93. 
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Figure 4. Histogram of echoes from -41.54 dB tungsten carbide standard target sphere. 
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Figure 6. Distributions and statistics for salmon species in the Kenai River. Pink and 
sockeye sampled in fishwheel, coho pooled from fishwheel and creel survey. 
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Figure 10. Daily mean water depth at mile 19 site and 95 % CI. Calculated from USGS gage height data 
(unpublished,l980-1992) measured at Soldotna bridge, and bottom profiles performed at mile 19 site. 
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